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APPARATUS FOR DIVIDING BANK IN FLASH MEMORY 



BACKGROUND 

5 1. Field of the Invention 

[0001] The present invention relates to an apparatus for dividing a bank 

in a flash memory and, more particularly, to an apparatus for dividing a bank 
in a NAND flash. 

10 2. Discussion of Related Art 

[0002] A conventional NAND flash memory can be implemented with a 

very small cell area and is thus suitable for high-integrated memory devices. 
This type of the flash memory, however, requires long time to read a first data 
and also needs long time for programming. Furthermore, the conventional 
1 5 flash memory has a disadvantage that it could not perform one operation while 
the other operation is performed. 

[0003] FIG. 1 is a conceptual view illustrating the structure of a bank in 

a conventional NAND flash memory. 

[0004] Referring to FIG. 1, a page buffer 20 and a cache buffer 30 are 

20 intervened between a NAND flash memory bank 10 and an input/output line 
40. Data inputted via the cache buffer 30 are sent to the page buffer 20. Data 
for performing a next page program, while a selected page is being 
programmed, is transferred to the cache buffer 30. It is thus possible to 
improve the speed of the read operation and the program operation in a 



1 



conventional single bank structure. By using the cache buffer 30, the data 
input operation can be simultaneously performed while the program operation 
is being performed and a next page can be read out to the page buffer 20 while 
the data is being outputted. In this case, however, there still remains a problem 
5 that other operations could not be performed while the read, program or erase 
operation is performed. 

SUMMARY OF THE INVENTION 
[0005] The present invention is contrived to solve the aforementioned 

10 problems. The present invention is directed to provide an apparatus for 
dividing a bank in a flash memory in which a block of the flash memory is 
divided into two banks and respective page buffers are located between the 
two banks to share an input/output line, thus shortening the length of a bit line, 
improving a data sensing speed, and allowing one bank to perform one 

15 operation while the other bank performs a read, write or erase operation. 

[0006] According to the present invention, there is provided an 

apparatus for dividing a bank in a flash memory, the flash memory having a 
first bank and a second bank that share an input/output line, comprising; a first 
page buffer connected to a bit line of the first bank, and buffering a data that 

20 will be transmitted to/from the first bank; a second page buffer connected to a 
bit line of the second bank, and buffering a data that will be transmitted 
to/from the second bank; a first page buffer select mean connected between 
the first page buffer and a first node, and controlling a transmission of the data 
that will be transmitted to/from the first page buffer; a second page buffer 
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select mean connected between the second page buffer and the first node, and 
controlling transmission of the data that will be transmitted to/from the second 
page buffer; and a switching mean connected between the first node and the 
input/output line, and controlling transmission of the data between the first and 
5 second page buffer select means and the input/output line. 

[0007] In the aforementioned of an apparatus for dividing a bank in a 

flash memory according to another embodiment of the present invention, the 
first page buffer select mean comprises a first transistor connected between the 
first page buffer and the first node, and driven by an external first control 
10 signal. 

[0008] In the aforementioned of an apparatus for dividing a bank in a 

flash memory according to another embodiment of the present invention, the 
second page buffer select mean comprises a second transistor connected 
between the second page buffer and a second node, and driven by an external 
15 second control signal. 

[0009] In the aforementioned of an apparatus for dividing a bank in a 

flash memory according to another embodiment of the present invention, the 
switching mean comprises a third transistor connected between the first node 
and the input/output line, and driven by an external third control signal. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] The above and other objects, features and advantages of the 

present invention will become apparent from the following description of 
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preferred embodiments given in conjunction with the accompanying drawings, 
in which: 

[0011] FIG. 1 is a conceptual view illustrating the structure of a bank in 

a conventional NAND flash memory; 
5 [0012] FIG. 2 is a conceptual view illustrating the structure of a bank in 

a NAND flash memory according to a preferred embodiment of the present 
invention; 

[0013] FIG. 3 is a circuit diagram illustrating a page buffer unit and a 

switching mean according to a preferred embodiment of the present invention; 
10 and 

[0014] FIGs. 4A and 4B are conceptual views for explaining the 

operation of the bank in the NAND flash memory according to the present 
invention. 

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0015] The present invention will now be described in detail in 

connection with preferred embodiments with reference to the accompanying 
drawings, in which like reference numerals are used to identify the same or 
similar parts. 

20 [0016] FIG. 2 is a conceptual view illustrating the structure of a bank in 

a NAND flash memory according to a preferred embodiment of the present 
invention, 

[0017] Referring to FIG. 2, proposed chip architecture has an entire 

memory cell array divided into a first bank 100 and a second bank 500. The 
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first bank 100 and the second bank 500 include a first page buffer unit 200 for 
paging the first bank 100 and a second page buffer unit 400 for paging the 
second bank 500, respectively. The first page buffer unit 200 and the second 
page buffer unit 400 share the same input/output line 600 through a switching 
5 mean 300. 

[0018] The first page buffer unit 200 and the second page buffer unit 

400 can exchange data each other, which allows a counterpart to be used as a 
cache buffer. It is thus possible for one bank to perform one operation while 
the other bank performs a read, write or erase operation as well as the existing 
1 0 cache buffer operation. 

[0019] FIG. 3 is a circuit diagram illustrating the page buffer unit and 

the switching mean according to a preferred embodiment of the present 
invention. 

[0020] With reference to FIG. 3, the first and second page buffer units 

15 200 and 400 include a plurality of page buffers and page buffer select means 
each corresponding to a bit line of the bank. 

[0021] In more detail, (l-l) th to (l-N)* bit lines BL00 to BL0N of the 

first bank 100 are connected to (l-l) th to (1-N) th page buffers 210-1 to 210-N 
within the first page buffer unit 200, respectively. The (l-l)* to (l-N)* page 
20 buffers 210-1 to 210-N are connected to (l-l) th to (1-N) th page buffer select 
means 220-1 to 220-N, respectively. Meanwhile, (2-l) th to (2-N) th bit lines 
(BL10 to BL1N) of the second bank 500 are connected to (2-l) th to (2-N) 111 
page buffers 410-1 to 410-N within the second page buffer unit 400, 
respectively. The (2-1)* to (2-N) lh page buffers 410-1 to 410-N are connected 



5 



to (2-1 to (2-N)* page buffer select means 420-1 to 420-N, respectively. The 
(1- 0 th to (1-N)* page buffer select means 220-1 to 220-N and the (2-l) th to (2- 
N)* page buffer select means 420-1 to 420-N are connected to correspond one 
another. Furthermore, the (l-l) lh to (1-N) th page buffer select means 220-1 to 
5 220-N and the (2- 0 th to (2-N) th page buffer select means 420-1 to 420-N that, 
which are connected to correspond one another, are each connected to an 
input/output line by means of first to N th switches 310-1 to 310-N (wherein N 
is natural numbers 1, 2, 3....). 

[0022] Since all the page buffers, the page buffer select means and the 

10 switching means have the same structure, respectively, the construction and 
operation of the (1-1)* and (2-1)* page buffer 210-1 and 420-1, the (1-1)* and 
(2-1)* page buffer select mean 220-1 and 420-1, and the first switching mean 
310-1 will be described only, in the present embodiment. 
[0023] The (1-1)* page buffer 210-1 and the (1-1)* page buffer select 

15 mean 220-1 are serially connected between a (1-1)* bit line BL00 of the first 
bank 100 and a first node Ql. The (2-1)* page buffer 410-1 and the (2-1)* 
page buffer select mean 420-1 are serially connected between the (2-1)* bit 
line BL10 of the second bank 500 and the first node Ql. The first switching 
mean 310-1 is connected between the input/output line and the first node Ql. 
20 [0024] Specifically, the (1-1)* page buffer 210-1 includes first to fifth 

transistors Tl to T5, and a first latch LI having first and second inverters II 
and 12. 

[0025] The first transistor Tl is connected between the (1-1)* bit line 

BL00 of the first bank 100 (first input/output terminal of the (1-1)* page 



buffer) and a second node Q2 and is driven by an external first bank bit line 
select signal BSLO. The second transistor T2 is connected between the second 
node Q2 and a second input/output terminal of the (1-1)* page buffer 210-1 
and is driven by an external first bank program enable signal PGMO. The third 
5 transistor T3 is connected between the power supply terminal and the second 
node Q2 and is driven by an external first bank precharge signal PREO. 
Further, the fourth and fifth transistors T4 and T5 are serially connected 
between the ground and one input terminal of the first latch LI, and are driven 
by a first bank latch enable signal LATCHO and an electric potential of the 

10 second node Q2, respectively. The other input terminal of the first latch LI is 
connected to the second input/output terminal of the (1-1)* page buffer 210-1. 
[0026] The first page buffer select mean 220-1 is connected between the 

second input/output terminal of the first (1-1)* page buffer 210-1 and the first 
node Ql and includes a sixth transistor T6 driven by an external first control 

15 signal YA0. 

[0027] The (2-l) th page buffer 410-1 includes seventh to eleventh 

transistors T7 to Til, and a second latch L2 having third and fourth inverters 
13 and 14. 

[0028] The seventh transistor T7 is connected between the (2-1)* bit 

20 line BL10 of the second bank 500 (first input/output terminal of the (2-1)* 
page buffer) and a third node Q3, and is driven by an external second bank bit 
line select signal BSL1. The eighth transistor T8 is connected between the 
third node Q3 and the second input/output terminal of the (2-l) th page buffer 
410-1, and is driven by an external second bank program enable signal PGM1. 
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The ninth transistor T9 is connected between the power supply terminal and 
the third node Q3, and is driven by an external second bank precharge signal 
PRE1. Further, the tenth and eleventh transistors T10 and Til are serially 
connected between the ground and one input terminal of a second latch L2, 
5 and are driven by a second bank latch enable signal LATCH 1 and an electric 
potential of the third node Q3, respectively. The other input terminal of the 
second latch L2 is connected to the second input/output terminal of the (2-1)* 
page buffer 410-1. 

[0029] The (2-l) lh page buffer select mean 420-1 is connected between 

10 a second input/output terminal of the (2-l) th page buffer 410-1 and the first 
node Ql, and includes a twelfth transistor T12 driven by an external second 
control signal YA 1 . 

[0030] The first switching mean 310-1 is connected to the first node Ql 

and an input/output (I/O) line 600, and includes a thirteenth transistor T13 
15 driven by an external third signal YB. 

[0031] Detailed explanation on the operation of a dual bank will now be 

given using the operation of the circuit and bank. 

[0032] The operation of the elements constituting the circuit will be first 

described in short. The first transistor Tl uses the first bank bit line select 
20 signal BSL0 to select the bit line BL00. The second transistor T2 connects the 
first latch LI and the bit line BL00 in the program operation. The third 
transistor T3 precharges the bit line in the read operation. The fourth and fifth 
transistors T4 and T5 sense the data of the first bank 100 in the read operation. 
The first latch LI stores the data of the page buffer. The sixth transistor T6 
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uses the external first control signal YAO (address decoder output) to select the 
page buffer within the first page buffer unit 200. The seventh transistor T7 
uses the second bank bit line select signal BSLO to select the bit line BL10. 
The eighth transistor T8 connects the second latch L2 and the bit line BL10 in 
5 the program operation. The ninth transistor T9 precharges the bit line in the 
read operation. The tenth and eleventh transistors T10 and Til sense the data 
of the second bank 500 in the read operation. The second latch L2 stores the 
data of the page buffer. The twelfth transistor T12 uses the external second 
control signal YA1 (address decoder output) to select the page buffer within 

1 0 the second page buffer unit 400. 

[0033] The operation of the circuit and bank through the bank operation 

can be explained in detail, as follows. If the read operation is performed for 
the first bank 100, the (1-1 ) th bit line BL00 is selected by the first bank bit line 
select signal BLS0 and the first transistor Tl. The second node Q2 is 

15 precharged by the first bank precharge signal PRE0 and the third transistor T3. 
The data value of the (l-l) th bit line BL00 is stored in the first latch LI by 
means of the first bank program enable signal PGM0 and the second transistor 
T2. 

[0034] The sixth transistor T6 of the (1-1)* page buffer select mean 

20 220-1 is driven by the external first control signal YAO, thus transmitting the 
data value of the first latch LI . At this time, the thirteenth transistor T13 of the 
first switching mean 310-1 is driven by the third control signal YB, thus 
transmitting the data value of the first latch LI to the input/output line 600, or 
the twelfth transistor T12 of the (2-l) th page buffer select mean 420-1 is driven 
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by the second control signal YA1, thus transmitting the data value of the first 
latch LI to the second latch L2. 

[0035] If the program operation is performed for the first bank 100, the 

data of the input/output line 600 is transmitted to the first latch LI since the 
5 thirteenth transistor T13 and the sixth transistor T6 are driven by the third 
control signal YB and the first control signal YA0, respectively. Meanwhile, 
the data value of the bit line of the second bank 500 is transmitted to the first 
latch LI via the twelfth transistor T12 and the sixth transistor T6 by means of 
the second control signal YA1 and the first control signal YA0. The data 

10 transmitted to the first latch LI is latched and is then transmitted to the (1-1)* 
bit line BL00 of the first bank 100 by means of the first bank program enable 
signal PGM0, the bit line select signal BSL0, etc. The erase operation of the 
first bank 100 is not specially limited but same to that of the flash device. 
Detailed explanation on it will be thus omitted. Further, detailed explanation 

15 on the read, program and erase operation of the second bank 500 will be 
omitted since they are same to those of the first bank 100. 
[0036] A bank operation of the flash memory according to an 

embodiment of the present invention will be described with reference to FIG. 
4. 

20 [0037] FIG. 4A and FIG. 4B are conceptual views for explaining the 

operation of the bank in a NAND flash memory according to the present 
invention. 

[0038] Referring to FIG. 2, FIG. 3 and FIG. 4A, cases that the program 

operation is performed for the first bank and the read operation is performed 
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for the second bank may be explained as follows. As in FIG. 4A, data that will 
be inputted to the first bank 100 from the external input/output line is 
transmitted to the first page buffer unit 200. Meanwhile, the second bank 500 
transmits data that will be read by an external read signal to the second page 
5 buffer unit 400. At this time, the external control signals YB, YA0 and YA1 
make the thirteenth and sixth transistors T13 and T6 turned on and the twelfth 
transistor T 1 2 turned off. 

[0039] The data buffered in the first page buffer unit 200 is 

programmed in the first bank 100. The data buffered in the second page buffer 

10 unit 400 is transmitted to the outside via the input/output line 600. At this time, 
the external control signal makes the sixth transistor T6 turned off and the 
twelfth and thirteenth transistors T12 and T13 turned on. During the program 
operation of the first bank 100, the second bank 500 performs a next read 
operation in the same manner to the above. 

1.5 [0040] By reference to FIG. 2, FIG. 3 and FIG. 4B, cases where the 

erase operation is performed for the first bank 100 and the read operation is 
performed for the second bank 500 can be explained as follows. As shown in 
FIG. 4B, the first bank 100 performs the erase operation using the external 
erase signal. Meanwhile, the second bank 200 transmits data that will be read 

20 by the external read signal to the second page buffer unit 400. At this time, the 
sixth, twelfth and thirteenth transistors T6, T12 and T13 are turned off by the 
external control signal. 

[0041] The data buffered in the second page buffer unit 400 is 

transmitted to the outside via the input/output line 600. At this time, the 



external control signal makes the sixth transistor T6 turned off and the twelfth 
and thirteenth transistors T12 and T13 turned on. 

[0042] The second bank 500 performs the read operation as described 

above until the erase operation of the first bank 100 is completed. 
5 [0043] Furthermore, the data of the first bank 100 can be immediately 

transmitted to the second bank 500. In other words, the data buffered in the 
first page buffer unit 200 can be transmitted to the second page buffer unit 400. 

At this time, the external control signal makes the sixth and twelfth transistors 

/ 

T6 and Tl 2 turned on and the thirteenth transistor Tl 3 turned off. 

1 0 [0044] As such, the bank structure of the present invention is a dual 

bank shape. Thus, the first bank 100 can perform the read, program or erase 
operation while the second bank 500 performs the read, program or erase 
operations. At this time, the read, program and erase operations are performed 
every page. Those skilled in the art will appreciate that the mentioned 

15 operations can be easily implemented in various shapes using the circuit 
diagram of the present embodiment and the above operation. 
[0045] It should be noted that the present invention is not limited to the 

above operation and a cache program operation can be performed using one of 
the first and second page buffer units 200 and 400 as a cache buffer. For 

20 example, in order to program the first bank 1 00 using the second page buffer 
unit 400 as the cache buffer, a data is inputted to the second page buffer unit 
400 and is then transmitted to the first page buffer 200. While the first bank 
100 is programmed, a data for a next page is transferred to the second page 
buffer unit 400 being the cache buffer. 
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[0046] Meanwhile, in order to read the first bank 100 using the second 

page buffer unit 400 as the cache buffer, the data of the first bank 100 is 
transmitted to the first page buffer unit 200. The data of the first page buffer 
unit 200 is again transferred to the second page buffer unit 400 used as the 
5 cache buffer. The data of the second page buffer unit 400 is then outputted 
through the input/output line. At this time, a next page of the first bank 100 is 
transmitted to the first page buffer unit 200. 

[0047] According to the present invention described above, a block of a 

flash memory is divided into two banks. Each page buffer is located between 
10 the two banks to share an input/output line. Thus, it is possible to shorten the 
length of a bit line. 

[0048] Furthermore, the present invention has advantages that it can 

improve a data-sensing rate, and allows one bank to perform a read, write or 
erase operation while the other bank performs other operations. 
15 [0049] Although the present invention has been described in connection 

with the embodiment of the present invention illustrated in the accompanying 
drawings, it is not limited thereto. It will be apparent to those skilled in the art 
that various substitutions, modifications and changes may be made thereto 
without departing from the scope and spirit of the invention. 

20 
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